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VBRC

Viral Bioinformatics Resource Facility
Annotation, Curation, and Collaboration



VBRC

e Annotation

e Computationally-derived information describing the
genes and genome of a particular viral sequence

e VBRC Database

e Curation

e Human-derived information describing the genes and
genome of a particular viral sequence

e Knowledge Database (KDB)

e Collaboration

e Extension of the KDB into a multi-user collaborative
application

e Collaborative Virtual Environment (CVE)



Annotation Pipeline

APAC



APAC:
Automated Parse Annotate Curate

e A java application

e Series of modules that automate:
e Data parsing
e Annotation of iIncomplete genome records
e Genome record updates

e Gene analysis
o Computational pipeline



Overview of pipeline for data acquisition from
Genbank to VBRC database




High Performance Computing Tools
for Annotation

Computationally-intensive Bioinformatics analyses

e Linux Clusters

e Grid Computing

Similarity searching

e SS-Wrapper

e NCBI BLAST, WU BLAST, FASTA, PC_SCAN, HMMPFAM...
Refinement of genome-scale multiple sequence
alignments

e GenAlignRefine

Poxvirus gene prediction

e Sequence Signals (Promoter prediction, Glimmer)
e Similarity (BLAST and HMMPFAM)
e Comparative analyses (Orthologs and Gene synteny)



Curation

KDB



VBRC Knowledge Database
Curation

Mini review of available structure-function information
e Human-curated database based on the literature

Bibliographic information

Avallable scientific resources
o clones, mutants, and antibodies

Empirically-derived properties
e MW, pl...
e Post-translational modifications
e EXpression

Functional Assignments

e Gene Ontology controlled vocabulary
o Molecular function
» Biological Process
» Cellular component

e Virulence Ontology



Three-Tiered Curation Process

1) UAB/UVic full-time curators
B.S., M.S., Ph.D.-level personnel

2) Editorial Board
Domain experts
Review records generated from tier 1
3) Scientific Community
Feedback




KDB Curation Application

e Provides a systematic, controlled interface
for entering curation data

e Jason Pokorny, MCW
.. : MEDI
e Initial and ongoing development COLLEGE

e Don Dempsey, UAB . 0

e VB.Net Application
e \Web Interface




KDB Data structure

e Biological Objects (BO)

e Antibodies, Gene Homologs, Gene
Interactions, Functions

e Mapped to references and other information

e Annotatable Objects (AO)
e Maps BO to sequence

e Maps to a particular level in the taxonomic
hierarchy

® Species, strain, gene, gene sequence



A biological data
table (mutant,

antibody, etc.) Tables used to provide the AnnotatableObject

. with a context in the taxonomic hierarch
AnnotatableObject’'s y

id as a Foreign key /\
- I

Species
: « Species_id
AnnotatableObject
GeneGrouping Strain
annobj_id <
annobj_genegrouplD < group_id // strain_id
group_species
group_strain Genelocus
group_locus “——— 3 locus id
group_sequence \ —
GeneSequence
sequence _id




AnnotatableObject

annobj_id

Antibody

antibody id
antibody_annobjID
antibody_refID
antibody name
antibody_type

An example of how a biological data table
(Antibody, in this example) is associated to
the AnnotatableObiject table and the

References table.

AntibodyAppSel

antibodyappsel_id

References

reference_id

A

antibodyappsel_antilD

AntibodyApp

antibodyappsel _applD <«

. J/
Y

AntibodyAppSel associates an
antibody and an application.

antibodyapp_id

antibodyapp_refID <

antibodyapp _name

y

Affinity purification
Immunofluorescence

Neutralizing




Curation Starting Point:
The Reference Genome

e Viral strain representing a “prototype” for the
species
e Complete genomic sequence
e Extensive literature references
e “Laboratory strain” used for wet-bench work

e Curation of remaining strains
e Link prototype to all remaining strains within a species
e Link other strains to prototype
e Curate differences between strains

e Extrapolate information and evidence from one strain
to another



Source of Curation Data

~lelds Virology (4th edition, 2001)
_Iterature searches
_iterature mining

Domain experts
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2 Knowledge Database - Start - Mozilla Firefox

File Edit Miew Go  Bookmarks  Tools  Help

<‘::| - - @ 67;[ | ] https:fcurate. genome.uab. edufEntry/FormOpen. aspix

~"Knowledge Database Curation
Tou are logged in asuablelliot]
Start Here

4 [ Start Annotation ]

» [ Add Genes to Database ]

4 [ Add Feferences to Database ]
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© annotateable0bj_add - Mozilla Firefox
File Edit Yiew Go Bookmarks Tools  Help

<1l:| - - @ éfh | | htkps:)fcurate, genome,uab, edufEnkryfannotateableCbi_add, aspx (= 15 @ Go @,
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»"Knowledge Database Curation

What Do You Want to Annotate?

L4

Idany combinations of the below fields can be valid. Fill in only what vou know for the gene vou will be annotating.

NCEBI Taxonomy ID: Name:

species: C]

Strain: [.]

Restriction Fragment Name: Description:

7ene Locus: C]

GI Numbher: Description:
(Jene mequence: E]

[ Save ] [ Clear ] [ Cancel ]
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3 species_select - Mozilla Firefox

File Edit Yiew Go Bookmarks Tools  Help

<}:| - - @ @ | | htkps:)fcurate, genome,uab, edufEnkry [ species_select, aspix (= 15 @' Go @,

" “Knowledge Database Curation

Species

[ MNew Species ]

Taxonomy ID: ICTV ID: ICTV Abbrev: Description:

10245 00.055.1.01.001 WACH Waccita Virs

Page 1 of 1

Position To Field: | Taxonomy 1D

[ Top ] [ Bottam ] [ Cancel ]
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%9 Select Strain - Mozilla Firefox

File Edit Miew Go  Bookmarks  Tools  Help

<‘::| - - @ {}!\[ | | https:jfcurate. genome .uab. edufEntry/strain_select. aspx =) @ G0 Q,

7 vKnowledge Database Curation

Select Strain

Taxonomy ID: PER Abbrev: Parent Species:

10252 Lister Wacciia Wirg
10251 Vaccia viras Stram THD Vaccuua Wirnis
10254 WE (Western Eeserve) WACHY - WE Waccina Vins

Page 1 of 1

Position To: Field: | Taxonomy 1D

[ Top ] [ Bottam ] [ Cancel ]
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“ annotateableObj_select - Mozilla Firefox
File Edit View Go Bookmarks Tools Help

~“Knowledge Database Curation

Actions: [ Create New Annotatable Object ] [ Quit Annotating ]

Positionto 'Locus — name '@ [ Top ] [ Eottom
Subset: | Species - name

Page 1 of 33

Annotatable Objects:
Species-Name  Species-taxID Species-PBE.  Strain-Name Strain-taxID Locus-name v
Locus-description  Sequence-GI - Sequence-gene  Sequence-product Sequence-definition

SPECIES: Name: Lake Victoria marburgvirus taxID: 11269 ICTV: MBG PBR: MBEG
STRAIN: Name: Muscke taxID: 33727 PBR: MUS

LOCUS: Name:MARV NP Description: Marburg nucleoprotein

SEQUENCE: GI:60624 Gene: 18 Product: nucleoprotein  Definition: nucleoprotein

SPECIES: Name: Lake Victoria marburgvirus taxID: 11269 ICTV: MBG PBR: MBG

STRAIN: Name: Musoke taxID: 33727 PBR: MUS

LOCUS: Name:MARV VP35 Description: VP35 Polymerase Complex

SEQUENCE: GI:50625 Gene: 19 Product: Polymerase complex protein  Definition: vp35 polymerase
complex protein

H

MNucleoprotein

VP35 Polymerase
Complex Protein

H

SPECIES: Name: Zaire ebolavirus taxID: 186538 ICTV: ZEBOV PBR: ZEBOV
STRAIN: Name: Mayinga taxID: 128952 PBR: MAYI
LOCUS: Name:delta peptide Description: cleavage product of sGP

Delta peptide cleavage
product of sGP

H

SPECIES: Name: Zaire ebolavirus taxID: 186538 ICTV: ZEBOV PBR: ZEBOV
second small STRAIN: Name: Mayinga taxID: 128952 PBR: MAYI
non-structural LOCUS: Name:ssGP  Description: Second small non-structural secreted aglycoprotein ssGP
secreted glycoprotein |[SEQUENCE: GI:10313996 Gene: 11 Product: second small non-structural secreted
glycoprotein  Definition: second small structural secreted glycoprotein

H

SPECIES: Name: Zaire ebolavirus taxID: 186538 ICTV: ZEBOV PBR: ZEBOV
VP35 polymerase STRAIN: Name: Mayinga taxID: 128952 PBR: MAYI
complex protein LOCUS: Name:VP35 Description: Polymerase Complex Protein
SEQUENCE: GI:10313992 Gene: 2 Product: <NONE> Definition: VP35 Polymerase Complex protein

Page 1 of 3

Sort Bv: | Species - name v
Dosition To: Field: | Species - name ~

E

[ Top ] [ Bottom

<




“~Knowledge Database Curation

Caiantls SPECIES: Name: Zaire ebolavirus  taxID: 186538 ICTV: ZEBOV PBR: ZEBOV
Aﬂnutaﬁ‘ng: STRA_I_\_: __\_ame: Mavinga taxID: 128952 PBR: MAYI
:JChange LOCUS: Name:ZEBOVgpl Description: np (nucleoprotein

SEQUENCE: GI:10314000 Gene:3 Product: <NONE> Definition: nucleoprotein

Summary [dentification Homology Qual Properties Quant Properties Function FReagents Interactions

Manual Save |

The nucleoprotein
(NP) of Zaire Ebola
is involved in
encapsidation of

viral RNA. It is
Mim-Review- |comprised of a

hydrophobic

Short Description (max 150):
Long Functional Name (max 80} |nucleoprotein
Short Functional Name (max 30):. |np

PBR (poxvirus.org) [D for
gene/virus:

encapsidation of viral Rl

ZEBOV-MAYI_007

Miscellaneous notes:

Selected References:

| Add Reference | [ Delete Selected References |

| PMID: ‘ Date: | Authors: | Title: Journal: | Edit ! Del

Nilkcura M, Ikegami T, |Detection of Ebola viral antigen by :I Clin E

£ | 72
i Bep 200 Saijo M, Kur._. enryme-linked immunosorbent assa._. | Microbiol

|

[Notes: Monoclonal Antibodies, 3-D and 2-11G recognize conformational epitopes at C-terminus.

|The assembly of Ebola virus s
mucleocapsid requires Mol Cell |£J O
virion-associated ...

Huang Y, Xu L, Sun

) | | ¥ ¥
12191476 |Aug 2002 Y. Nabel GJ

Notes: Nucle oprotein is O-Linked glycosvlated.

Niikura M, Tkegami T, |Analysis of linear B-cell epitopes of :C]jn Diagn Lab E |

257272 | y)
et i Saijo M, Kur. .. the micleoprotein of ebola vir... Tmmunol

[Notes: MAbs to the C-terminal region of ebolavirus NP have different subtype specificities.
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File Edit Wwiew Go Bookmarks Tools  Help

<1l:| - - @ 67;[ || https:}fcurate. genome, uab, edufEntry references _add. aspx
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»“Knowledge Database Curation
L—) Summary Tab — Edit Selected References — Select Reference -3

Add Reference

L4

P iutoEnter Information by Selecting From Tast OF.
P i utoEnter Information by MCBI PIWID Mumber

4 Manually Enter or Edit Reference Information Below:

Eeference Type: | Joumal
Title:
Authors:
Publication Date: WMonth:

Journal:

Pubhdied
Eeywords:
Abstract:

WVolume:

Contact
Address:

FubMed
Motes:

[ Save l [ Clear l [ Cancel




~""Knowledge Database Curation
L—) Summary Tab — Edit Selected References >
References

Al:ﬂulls:l Create Reference ] l Cancel ]

Positionto ' PubDate ' : Go | Top | | Bottom

Subset: | PMID w | = Subset
Page 1ot 3 Mext >3

PMID: Title: Authors: PubDate: Journal:

-

Phosphoprotein component of

712960 Yaccinia virions.,

Rosemond H, Moss B Jun 1973 |1 virol
Biogenesis of poxviruses; synthesis
and phosphorylation of a...

Phosphorylation in vivo of a
yaccinia-virus structural prote, .,

Purification and characterization of 3 |Kao 5Y, Ressner E, Kates ],
superhelix binding pr... Bauer WER

1169849 Pogo BG, Katz IR, Dales S &or 1975 |Mirology

467437 Sagot ], Beaud G Jul 1979 Eur 1 Bioch...

6894655 Jun 1981  Mirology

Lnit Comples of vaccinia polypeptides . )
linked by disulfide br... Ichihashi Y

7269243 &ug 1981 |Mirology

& phosphorylated basic vaccinia virion

6890383 polypeptide of molecu...

Hiller G, Weber K Moy 1982 1 virol

Mapping of a gene coding for a major
late structural polypep...

One hundred base pairs of §' flanking |Bertholet C, Drillien R, Wittek |
sequence of a vaccinia... R

Biosynthesis and phosphorylation of
¥accinia virus structura..,

63197358 Wittek B;Hangg M Hiller G; Feb 1984 (1 Virol

2856886 Apr 1985 | Proc Matl A,

2617504 kKao SY, Bauer WR &ug 1987 |Mirology

Sequence and transcriptional analysis

28334935 of the vaccinia virus ...

Schrmitt JF, Stunnenberg HG  Jun 1988 1 Virol
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File Edit Miew Go  Bookmarks  Tools  Help

<1l:| - - [%] E_}ﬂ | 1 https:jffcurate, genome, uab, edufEntryfdownloadnew, aspx

" Knowledge Database Curation
L—) Summary Tab —p Edit Selected References — Select Reference —p Add/Edit Reference —3
AutoEnter Information by PMID

Enter PMID and press submit: |15613325 | Submit | [ Cancel |

Article Found

PMID: 15613325

Title: Genome of deerpox wirus.
Anthors: Afonse CL, Delhon G, Tulinan EE, Lu 2, Zzake & Becerra VI, Zsale L, Eutish GF, Eoclk DL

If this is the correct paper, press Accept.

Mote: Content prowided by National Library of Medicine - Publded web site. Go Directly to Publded
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© annotated_aspx - Mozilla Firefox

File Edit Miew Go  Bookmarks  Tools  Help

<]:| - - @ @ L] https:/fcurate.genome.uab. edufEntry/ annotated, aspx

7 vKnowledge Database Curation

N
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SPECIES: Name: Vaccina Virus taxID: 10245 ICTV: VACY PBR: VACY

STRATN: Name: WE (Western Eeserve) taxID: 10254 PBR: VACV-WE

SEQUENCE: GI:61595 Gene: 0 Product: <IHHONE> Defimition: F2 polypeptide thymidine kinase [2]

[WVaccinda virus]

Cwirently
Annotating:

sumtnaty  Ldentfication  Homology  Qual. Properties Duant. Properties  Function  Eeagents  Interactions

Qualitative Properties

Property: Value: ‘ Edit: [Del:

Help Documents:
Essential
gene Expression Temporality

' Gene Expression Temporality, v [ Add Froperty. . ]
Gene Expression Tempaorality:

Essential:

Encapsidated:

FPost Translational Modification:
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S vKnowledge Database Curation
Currentl SPECIES: Name: Vaccia Virus taxID: 10245 ICTV: VACY PBR: VACY
.*hmutaﬁi _STRAIN: Name: WE (Western Reserve) taxID: 10254 PBR: VACV-WER
§ SEQUENCE: GI:613%5 Gene: 0 Product: <I:NONE> Definition: F8 polypeptide thymidine kinase [2]

Ch b A
m [Waccia virus)

Surmmary  Identification  Homelogy  Oual Properties  Ouant Properties Function  Eeagents  Interactions

YLocalization " Biological Function P Molecular Function

Cellular Localization

| Add Localization | | Delete Selected Localizations |

Number of fNu.mher of GO |

Localization: Notes: References: Terms:

Biological Function

| Add Biological Function | | Delete Selected Functions |

Number of fNu.mher of GO |

Biological Function: Notes: References: Terms:

Molecular Function

| Add Molecular Function | | Delete Selected Functions |

Number of fNu.mher of GO |
References: Termns:

Molecular Function: Notes:
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© biofunctionGO_edit - Mozilla Firefox
File Edit Mew Go  Bookmarks  Tools  Help
<::| - - @ E—}ﬂ || https:ffcurate.genome.uab, edu/Entrybiofunctioniad_edit, aspx B @ ao Q,
oo | (”
vKnowledge Database Curation
L— Function Tab — Edit Biological Function — Edit Bio. Function Reference —3
Add Biological Function Gene Ontology Term Assignment

L4

[ Save ] [ Clear ] [ Cancel ]

SPECIES: Name: Vaccia Virus  taxID: 10245 ICTV: VACY PBR: VACY

STRATN: Name: WE (Western Eeserve) taxID: 10254 PBR: VACV-WE

SEQUENCE: GL:£13%5 Gene: 0 Product: <HNOMNE> Definition: F& polypeptide thymidine
kinaze [2] [Vaccomia virus]

Function Type: Cell attachment entry

Currently Annotating:

Biogenesis of poxviruses: synthesis and phosphotrylation of a basic protemn associated with the DIA /
Pogo BEG, Eatz JE, Dales 57 1975

lockup... Bz, GFO00030439

GO Term must be a term_found undsr "biological process"
30 Evidence Code: [ ¢Selects w
Experiment: <Select>
[MF - inferred fram mutant phenotype
IGI - inferred from genetic interaction
IFI - inferred from physical interaction
Subunit Function: | 122 -inferred from sequence similarity
DA - inferred from direct assay
I[EF - inferred from expression pattern
|E4 - inferred from electronic annotation art of a suburt
Iz Mot | TAS -traceahle author statement
| NAS - nonraceahle author statement
Uncertan: | D - no biological data awvailable

Currator Approved: C-inferred by curator
Wotes:

Eeference:

300 Term I




*“Knowledge Database Curation

SPECIES: Name: Zare ebolasirus  taxID: 186538 ICTV: ZEEOV PBR: ZEEOV
STRATN: Name: Mayinga taxID: 128252 PBR: WATYI

Cwrrently

Annotating:
st LOCTS: Name: ZEEQOVgpS Descenption: Polymerase Complex Protein - VP30

SEQUENCE: GI:1053122%7 Gene: 8 Product: VP30 Defimtion: ZEBOVap5

cummary  Ldentification Homelegy  Qual Properties  Quant. Properties Function  Beagentz  Interactions

P Function P3O Term As signiment

Gene Ontology Term Assignment: (Volecular Function, Biological Process, and Cellular Component)

[ Assign Ontology Term ] [ Delete Selected Terms ]

‘ Term: ‘ Notes: ‘ Eddit: ‘ Del:
Phosphorylation of YP30 impairs Ebola virus transcription and is a regulatory | ' '
[factar in the replication cycle, _ _ O

|G0:0046732

Function:
| Add Function | | Delete Selected Functions |

e _—_________________________________________________________________________________—————__——— g
) AmiGO! Your friend in the Gene Ontology. - Mozilla Firefox @ @
(4]

File Edit \Mew Go  Bookmarks  Tools  Help
AmiGO
Search GO Go Term Aspect Definition

0046752 ] & regulation of viral transcription  biological_process  Any process that modulates the
[ |Exact Match frequency, rate or extent of the
I Terms transcription of the viral genome.

" Gene SymhalName Show checked itemns in tree v | | Check/Uncheck All | | Submit Query |

Submit Query

Advanced Culery
Cuery By Sequence




““Knowledge Database Curation

Ciitrentl SPECIES: Name: Vacciua Vs taxID: 10245 ICTV: VACY PBR: VACY
Anmota ti - y TRATN: Name: WE (Western Eeserve) taxID: 10254 PBR: VACY-WE
e SEQUENCE: GI:613%5 Gene: 0 Product: <IJOIME= Definition: F8 polypeptide thyrudine kanase [2]

[Waccinda wirus]

cummary  Identification  Homology  Qual Properties  Quant Properties  Function Reagents Interactions

P intibodies P Mo dified Vinus P Expression Vectors

Primary Antibodies to ZEBOVgplFalse:
| Add Antibody | | Delete Selected Antibodies |

‘ Antibody: Type: Create Method: ‘ Edit: ‘ Del:

3-1E monoclonal mouse ]

Ref: PMID: 12522044 Date: Jan 2003 Authors: Miikura M, Ikegami T, Saijo M, Kurata T, Kurane I, Morika...

Contact: Motes:

3-30 and 2-11G monoclonal mouse F]

Ref: PMID: 11526161 Date: Sep 2001 Authors: MNikura M, Ikegami T, Saijo M, Kurane I, Miranda ME, Mori...

Contact: Shigeru Morikawa Notes:

Modified Virus:
| Add Modified Virus | | Delete Selected Virus |

‘ Modified Virus Name: ‘ Type:

‘Edit: ‘ Del:
Recombinant - TE gene with 11kDa late promoter ]

Expression Vectors
[ Add Yectar ] [ Delete Selected Vectar

ression Vector Type: Edit: | Del:
Exp P




|dentification and Correction of
Errors



Sequence Errors

e Vaccinia Virus strain Copenhagen
e Reported in the literature
o Senkevich et al Virology V 300 p 296
e Missing “c” at position 114378
e NOTE: Error still present in the RefSeq record
e Vaccinia Virus strain Tian Tan
e Identified during PBR annotation
e Many sequence errors resulting in fragmented ORFs
e UVic resequenced
e EDbola virus strain Zaire 1995
e Identified during VBRC annotation
e Extra “A” in the RNA editing region of the genome
e Confirmed by S. Ibrahim, submitter



Annotation Errors

e Incomplete annotation
e N0 gene prediction
e Incomplete prediction



OVERC Genome Map-MozilaFirex __________________ (BE)ELEK
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File Edit Mew Go  Bookmarks  Tools  Help

West Nile virus strain NY99-eqhs

1to11,029
Zoom Level 3
12 Genes

[ Femove Labels ]

LEGEND

s Frofein (+ strand) mmmmm  Protein (- strand)

o001 003 LLLLF) LLLLE)

00z 004 LU LLLLE: LML

11,0249




2 YBRC Genome Map - Mozilla Firefox
File Edit Mew Go  Bookmarks  Tools  Help

VBRC

data | analysis | announcements | links | home

Data

Genomes | CGenes | Aegquence Download

West Nile virus isolate Ast99-901

1 to 10,998
Zoom Level 3
1 Gene

Femowve Lakhels

LEGEND

. Frotein (+ strand) s Protein (- strand)

oy
isﬁ

I 10,998




Nucleoprotein

Zalire ebolavirus strain Mayinga
CDS annotation

GF_006 (SSG P)

GF_i005
B (sGP)

Zaire ebolavirus strain Mayinga
VBRC annotation

GP1,2 (+A)

VP35 VP24

]
sGP Delta

(unedited) peptide*

I
ssGP
(-1A/+2A)

18,850




Collaborative Virtual
Environment (CVE)

Purushotham Bangalore
Barrett Bryant
Zlyang Xiong

Ritu Arora

Department of Computer and Information Sciences
University of Alabama at Birmingham (UAB)



Collaborative Knowledge Database

e CKDB

e Provides for collaborative interactions
among KDB users within a single user
Interface



Requirements

e Support distributed and collaborative
e Authoring/Editing
e Curation
e Information sharing and exchange

e Provide different interfaces/tools for
different users through a web interface

e Promote Iinteroperability and web-based
linkage tools for data sharing among other
BRCs



Different User Roles

e Annotator

e Curator

e Moderator

e Editor

e Public

e System Administrator

e Project Manager

e Other BRC application/program
e Demo Role

Each role provides a different set of functionality and/or user interface



Mapping Roles With Services

e A user can have multiple roles

e Each user has to go through a registration
process to request access to the portal

e At registration user can specify/request
appropriate roles

e Portal administrator will approve user request
and assign appropriate roles

e Portal uses user profiles to provide appropriate
Interfaces and access to required services

e Access control can be coarse grained (service
level) or fine grained (data record level)



Overall Use Case Diagram

Assign input

Annotatar . O

Initialize Annotation DB shalweisTools  Annotation DB Haes

analysis
Display

communicate
User Account Heque st

Write Curation

-

List Tasks

COmERCate
O e ision
Review Curation O

Assign _
Denial
subet depried
Aszsgn .
Administratar Update Curation
cornWnicate .

carrnnicate

Fublic O .
comrimicate  Reviewer Decision Madule Moderatar

dispfay O

Add Comments

Curation DB

Patential Lser

chech

Display




Use Case: Editor Change Request

G~ - -

Write Curation Curation DB
Update Curation

subrmit request

gak for corment s

request for deciai o notify to o
Decision Module Curator

it cenial
sengbhack decision

x -

hoderat or




Current Status

e |dentification of different roles
e |dentification of different services

e Use case analysis for each role and
service

e Prototype portal with skeletal support for
multiple roles leveraging KDB

e Implement collaborative services not
currently provided in KDB
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